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XEROSTOMIA AND OTHER PREVALENT ORAL HEALTH ISSUES IN THE 
RAPIDLY GROWING ELDERLY POPULATION WORLDWIDE 
CHRISTOPHER GORDON 
ABSTRACT 
 The elderly population is growing at unprecedented rates worldwide.  The 
increased mortality and decline in fertility have greatly contributed to this and caused the 
ratio of elderly to the remaining populations in countries around the world to dramatically 
increase.  Furthermore, these numbers show no signs of slowing and are expected to 
increase at quicker rates. 
With this, follows the need for better health care systems in order to maintain a 
good quality of life for this demographic.  Of specific interest to this thesis are prevalent 
oral health conditions in the elderly.  Conditions such as xerostomia, dental caries, and 
periodontal disease plague the elderly population.  The research shows how much more 
prevalent and severe these oral health conditions are in the elderly population and aims to 
examine these along with effective means of treatment and care.  
Future measures should be taken to effectively stabilize oral health care for the 
elderly.  Better pubic health care systems need to be put in place that address the access 
to care issue that exists within the elderly population, along with better promotion of 
preventative measures.   
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 1 
INTRODUCTION 
 
 
 Today’s healthcare systems worldwide are more advanced, more prepared, and 
more capable than ever before.  The prevention of illness including eradication of disease 
has led to a longer life expectancy, and thus, a rapidly growing elderly population.  As of 
2005, the world population is growing at roughly 1.2 percent each year and is now closer 
to 1.1 percent each year (United Nations (UN), 2005).  Furthermore, the percent of 
elderly population worldwide aged 60 and above was eight percent in 1950.  This number 
has risen to ten percent in 2005, and per projections by the United Nations Department of 
Economic and Social Affairs, is expected rise to about 22 percent by 2050.  This equates 
to roughly two billion people aged 60 and above worldwide, a truly staggering projection 
should conditions continue to support the growth (UN, 2005).   
 While these numbers are a comforting reassurance that health care systems are 
taking more effective measures to provide care and education to promote healthier lives, 
this also means that we must be able to handle the various health related complications 
that arise with greater frequency as the proportion of the elderly from the total population 
continues to increase.  Specifically, oral health issues are of major significance for a 
number of reasons.  Oral health has been correlated with a range of systemic health 
conditions, with new advances and insight each and every day.  This stresses the 
importance of not only effective treatments for the oral health conditions in the elderly, 
but also increasing need for effective preventative measures for younger populations.  
While various issues will be discussed throughout the paper, xerostomia is of significant 
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importance as there is a high prevalence, especially when linked to prescription drug use.  
In addition, dental caries, various forms of periodontitis, denture stomatitis, oral cancers, 
and oral candidiasis will also be discussed throughout the paper.  The interconnectivity of 
these conditions will also be elaborated on, as it has a great deal to do when discussing 
prevention (Gonsalves et al., 2008). 
 
Worldwide Population Aging 
 With every segment of the elderly population increasing in size, those individuals 
80 years and above are expected to continue to rise and by 2050, reach roughly 400 
million in size (Petersen et al., 2010).  With such extremes occurring and the simple 
projection that the older segment of the population will number nearly two billion by 
2050, health considerations must be given significant attention.  The rapidly increasing 
elderly population worldwide is due to such a high number of births between 1920 and 
1960 and tremendous growth in the treatment of many common health conditions which 
allow for people to reach older ages on an average basis (UN, 2015). The Department of 
Economic and Social Affairs of the United Nations has detailed in their 2015 report on 
population that more developed countries have experienced a greater rate of expansion in 
the elderly population than ever before, but a great deal of this worldwide aging growth is 
due to underdeveloped countries.  Roughly 33 percent of the world’s older population is 
in developed countries.  While South America is expected to see the most rapid increase 
in older population growth in the next 15 years, North America and Europe will also see 
significant increases with a more modest rate of increase.  The underdeveloped countries 
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have the greatest and fasted rate of growth (UN, 2015).  As seen in Figure 1, the less 
developed regions are experiencing a very fast rate of population aging proportionally in 
the coming years when observing the changes from 1970 to 2013.  The more developed 
regions have experienced a significant change as well in the 1970 to 2013 timeframe.  As 
can be observed by the overall shape of the graph of the more developed regions, 1970 to 
2013 shows a more “full” dispersion of young and middle aged groups in addition to the 
older population.  Therefore, this can be seen carrying over to the 2050 projections as 
there is a steady flow of increase in the elderly population.  Projections see the number of 
older people exceeding that of children by 2047 in large part due to the decreasing 
fertility rates worldwide, from around 5 children per women in 1950 to now roughly 2.5.   
This is partly due to the effects that World War II had on the mortality rates and fertility 
reduction  (UN, 2015). 
    
 
 4 
 
Figure 1: Population changes in “more” and “less” developed countries  
Much of what is observed here is due to effects that World War II on both increased 
mortality rates, along with the decline in fertility. Figure taken from World Population 
Ageing UN, 2015.  
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Though there are a vast number of factors that are certain to influence health, 
there are more areas waiting to have light shed on them.  However, age has always been 
the single most important factor when predicting the risk of disease or mortality.  With 
the steeply increasing percentage of elderly throughout the worldwide population as a 
whole, special consideration must be given to the challenges which become increasingly 
prevalent with this trend.  The genetic, environmental, and behavioral variation among 
populations must also be taken into consideration across any given age group (UN, 
2015).  The World Health Organization (WHO) has made it blatantly clear that the 
appropriate means and measures have not been taken to accommodate the increasing 
longevity in the population (WHO, 2013).  Furthermore, “pubic health approaches” in 
both developing and more developed countries is lacking, especially in elderly care 
facilities both long and short term.  As displayed in Figure 2, several years of average 
life-expectancy are plagued by disability.  The WHO reported in 2013 that this is 
particularly true in countries where there is a longer life-expectancy.    
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Figure 2:  Correlation Between Life Expectancy and Health. The above graph shows 
the life-expectancy of birth versus the number of years the population is expected to 
spend in a healthy condition . Figure taken from World Population Aging UN, 2015. 
 
  
 
In response to these population changes the WHO recommends countries have 
and should continue to respond to the increasing elderly population by increasing their 
national budget for their care.  However, it is emphasized that this increased budget must 
translate into appropriate care and methods in which to provide care to the elderly (WHO, 
2015).  There is still a great deal of research needed to definitively determine whether the 
increased lifespan of individuals worldwide is accompanied by prolonged “disability or 
illness” in some form or another (UN, 2015).  While direct treatment for any illness or 
disability that should arise is vital throughout every country, perhaps much more 
important and effective in terms of care is the preventative measures that are taken to 
protect a population that is so vulnerable to various health issues occurring.  This is 
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especially true as the United Nations reports on the findings of the WHO that chronic 
illness and forms of disability increase significantly with age (2013).  The Population 
Challenges and Development Goals report by the United Nations explains the details of 
the Programme of Action of the International Conference of Population and Development 
in 2002.  This program summarizes the world goals and measures to be considered with 
an aging population, along with the importance of ensuring that the elderly population be 
able to “live independently and as long as possible.”  In essence, the report is aimed at 
promoting the possible measures and plan of action for the elderly to not only live a long 
life, but also a productive one (UN, 2005).  
 
Prevalent Oral Health Conditions Among the Elderly  
 The 2015 World Population Aging report by the United Nations states that as of 
2012 from a WHO data source, heart disease, stroke, diabetes mellitus, and respiratory 
infections are amongst the leading causes of deaths in those 60 and older worldwide 
(along with others). While there are so many disabilities and illnesses that increase in 
prevalence in an aging population, oral health must be given special consideration as the 
linkage between oral health and systemic illness is becoming better understood every 
day.   
 There are many changes that occur in the oral cavity with an increase in age and 
pathology of each must be evaluated in order to better understand the origin of various 
common oral health diseases and conditions that can occur.  Firstly, the conditions that 
arise due to alterations in the oral cavity may be single- or multifactorial in origin.  These 
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sites include soft or hard tissue areas, bone, joints, and the mucosa including the salivary 
glands themselves.  The fact that there is an increase in the elderly population and that 
they are tending to have a stronger focus on health care as a whole, means that they are 
also maintaining more teeth until an older age.  Thus, health care professionals should 
expect to see more changes related directly to age.  Bone composition is ever changing 
throughout the typical human lifespan.  As we progress into our later years, a reduced 
bone density is observed, thus, osteoporosis is more likely to occur (McKenna et al. 
2010).  This is due to a number of factors, but at the forefront, an enzyme termed cyclo-
oxygenase 2 is less abundant with old age (McKenna et al. 2010).  This means there is 
less building and repair of bone.  Changes in the placement of the temporomandibular 
joint may also occur to accommodate tooth loss and due to this change in bone 
composition.  Muscle mass and nerve cell loss is also observed with an increase in age, 
and thus, the action of mastication and behavior must be altered as well (McKenna et al. 
2010).  The physical appearance of a tooth also changes with a more yellow discoloration 
commonly seen due to changes in the dentin (Gonsalves et al., 2008).  Attrition, the act of 
tooth on tooth contact causing the wearing down of the enamel and abrasion, the act of 
hitting your teeth on hard surfaces, are common actions in humans throughout life and 
the results can become very apparent with age.  Enamel and the amount of blood vessels 
supplying each tooth also decrease with age, and thus, the physiological actions when 
decay is present may also decrease.   As will be discussed further, changes in the salivary 
gland function of an individual can also vary greatly with age, as well as recession of the 
gingiva (Gonsalves et al., 2008).  
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 Amongst the leading oral health conditions that exist in older people are dental 
caries, gingivitis, periodontitis, xerostomia, candidiadis, denture stomatitis, and oral 
cancer (Gonsalves et al., 2008).  Though these conditions are by no means exclusive to 
the elderly demographic, many are increased in prevalence due to a wide range of 
behavioral, environmental, and genetic factors linked with the increased age.  The older 
population is at a higher risk for chronic oral diseases.  In addition, the severely increased 
use of medications in the elderly causes a number of oral health complications as it 
relates to xerostomia.   
 Dental caries can see multiple complications in the elderly as there is often a 
recession of the gingiva.  This recession can lead to exposure of the cementum, meaning 
there is an increased prevalence of root caries.  There is a two-fold increased risk of root 
caries for an individual older than 60 years of age as compared to that of a 30 year-old 
(Gonsalves et al., 2008).  The American Family Physician journal also reported in 2010 
that a shocking 64 percent of individuals above the age of 60 have root caries.  As shown 
in Table 1, the National Institute of Dental and Craniofacial research (NIDCR) reports 
that greater than 93 percent of seniors have had tooth decay at some point in permanent 
teeth (NIDCR, Dental Caries, n.d., NIDCR, Periodonal Disease, n.d.)).    
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Table 1: Tooth Decay in the Elderly. The National Health and Nutrition Examination 
Survey results on tooth decay in Seniors (65 years old and above).  Table taken from 
NIH, 2014. 
 
 
 
 
These results indicate there is more exposure to foreign particles including 
various strains of bacteria that further propagate infection.  Coronal caries, which occur 
above the gumline, may also present with altered color to a dark yellow or brown.  The 
best preventative measure for coronal caries includes varnishes or gels containing 
fluoride as well as reduced consumption of sugary foods or beverages.  Otherwise, one 
must seek professional dental care.  This prevention and treatment requires a diagnosis 
and action by the older person, if they are disabled or care is not available, the condition 
will clearly worsen and may become debilitating itself (Gonsalves et al., 2008).  
 Periodontal disease is also known to increase significantly with age, as observed 
through various studies and detailed in the Australian Dental Journal.  Though this may 
not be due directly to physiological changes, other oral, systemic, and behavioral factors 
may greatly contribute to this (McKenna et al., 2010).  The mechanism behind gingivitis 
is a bacterial infection from plaque.  This plaque is a naturally occurring biofilm and 
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contains endotoxins.  When the plaque is allowed to accumulate at the gingival-tooth 
junction, infection and inflammation can occur. Though gingivitis is not always related to 
plaque and can be due to a bacteria or virus, it is typically plaque-related in older people. 
This inflammation then forces the periodontal ligament away from the cementum and 
tooth itself (Gonsalves et al., 2010).  As seen in Figure 3 reported by the American 
Journal of Public Health, the average number of teeth decreases with age.  In addition, 
the number of edentate individuals (those lacking any teeth at all) increases as age 
increases (Griffin et al., 2012).  Both of these statistics are largely attributed to the 
increased prevalence of various forms of periodontitis.   
 
Figure 3:  Average Tooth Loss in the Elderly.  Show is tooth loss among United States 
individuals 50 years-old and above. Figure taken from Griffin et al., 2012. 
 
Light gray – have teeth 
and avg # of teeth 
 
Dark gray – edentate, 
lacking any teeth 
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Poor oral hygiene and naturally occurring recession of the gingiva greatly 
contributes to this increased prevalence of periodontitis in older people.  There are also 
major systemic implications that can occur in part due to periodontitis such as diabetes 
mellitus and coronary artery disease (Kinane et al. 2001).  This is a very active area of 
investigation.   
 Treatment options for gingivitis and periodontitis include a number of measures 
when combined prove significantly more effective than one over another.  The actions of 
brushing, flossing, and removal of plaque can cause the reversal of the recession of the 
gingiva.  Should symptoms worsen or increase in severity, doxycycline, an oral antibiotic 
may be used to control bacterial infection (Gonsalves et al., 2010).  This is important for 
the elderly as they often have difficulty taking the necessary prevention or treatment steps 
when experiencing other health issues or financial issues impacting health insurance.   
 The difficulty that older people have accessing their health care needs is one area 
the government focuses on worldwide.  A portion of the elderly lack any health insurance 
at all being that their employment rate is significantly lower than younger demographics.  
Furthermore, various programs under Medicaid do not entail dental procedures for adults 
and Medicare has a very limited range of covered dental services under it.  The Agency 
for Healthcare Research and Quality in the United States reported shocking statistics that 
the percent of dental costs paid by insurance decreased from 50% among people ages 55 
to 64 with some teeth still intact to just 22 percent among individuals ages 65 to 74 
(Griffin et al, 2012).  These numbers continue to decline as age increases, and thus, may 
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be a significant driving factor when an older unemployed adult faces having to pay for a 
particular dental service out of pocket.  Alternate routes may be taken to avoid paying 
high costs, such as self-help methods.  
 
Xerostomia, an In-Depth Look 
 Xerostomia is a condition of a broad range of origins and severity.  The ADA 
even states that the prevalence of xerostomia is anywhere from 0.9 percent to 64.8 
percent in the population as whole (Navazesh, 2009).  One reason the estimate fluctuates 
so much is because pain and other symptoms subjective and vary greatly, thus, only 
reported cases with diagnostic confirmation can be accounted for.  In addition, pain is not 
always felt in patients with xerostomia.  However, one certainty is that xerostomia exists 
in much greater numbers in the elderly population and in those receiving radiation 
treatment for head and neck cancer (Villa et al., 2014).  The Journal of Gerodontology 
reports that while xerostomia is often seen to manifest as a chronic condition, it has a 
major impact on perceived quality of life, everyday function such as speaking, 
mastication, and denture retention (Cassolato, 2003).  Essentially dry mouth, xerostomia 
is normally attributed to hypofunction of the salivary gland.  However, as will be further 
discussed through various studies, there is a great deal of evidence that suggests it is both 
the hyposecretion of saliva and compositional changes in saliva that account for the pain 
and symptoms patients experience.   
 Saliva is a vital component of the oral cavity.  It assists in remineralization of 
teeth, mastication, digestion, antibacterial functions, and lubrication of the mouth to state 
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a few.  When the normal functions of saliva are impaired, issues such as the inability to 
consume particular foods leads may lead to a deficiency of particular nutrients (Turner et 
al., 2007).  When the protective mechanisms behind saliva are decreased, over the 
counter saliva substitutes are often prescribed (Gonsalves et al., 2008).  One very 
important aspect to note when discussing xerostomia is that old age is not the direct 
cause.  On average, around 1 to 1.5 liters of saliva are secreted per day.  With around 65 
percent coming from the submandibular gland and 20 percent from the parotid gland, 
these numbers change with stimulation and the parotid gland accounts for over 50 percent 
(Humphrey et al., 2001).  Rather than the typical quantity of saliva decreasing with age, it 
is instead due to the fact that the elderly face an increased number of causal factors that in 
turn, causes the alteration in both salivary gland function and salivary composition.  As 
we have stated, radiation for head and neck cancers is a major causal factor, and the ADA 
reports that it increases the risk for some form of xerostomia to near 100 percent.  While 
this is a major factor, probably the most prevalent causal factor worldwide, with intense 
focus on the United States, is drug induced dry mouth.  Again, this is significant for the 
elderly community as they consume more prescription drugs than any other demographic 
worldwide due to increased number of health issues (Napeñas et al., 2009). 
Medication and Radioactive Therapy:  
 Leal et al. reported on a study that compared salivary flow rates in the elderly 
population when unstimulated versus stimulated (2010).  Throughout the study it was 
concluded that various medications increase the incidence of dry mouth with varying 
degrees of severity.  These medication categories included “diuretics, anticholinergics, 
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antipsychotics, antihypertensives, bronchodilators, anti-inflammatories, and 
antidepressants” (Leal et al., 2010).  Not only do these drugs alter the salivary flow rate, 
but the salivary composition also changes.  For example, alpha amylase enzyme levels 
increase as age increases and leads to the more rapid demineralization of teeth (Nassar et 
al., 2014).  It is this decreased salivary flow rate and lowered buffer capacity of the saliva 
to protect the teeth that leads to an increased prevalence of tooth decay.  Regarding head 
and neck cancers in the elderly, roughly 47 percent of the population with head and neck 
cancer in the United States from 1973 to 2008 were above the age of 65.  Furthermore, 
the number of elderly who are diagnosed with such a cancer is projected to see a 60 
percent increase by the year 2030 (VanderWalde et al., 2013).  Therefore, it must be 
taken into consideration that radiation therapy for these cancers will almost certainly lead 
to some form of impaired salivary gland function and salivary compositional alteration.  
As has been discussed, the parotid gland is major contributor to salivary flow rate in both 
unstimulated and stimulated situations, and when one undergoes radiation therapy on the 
head or neck, the parotid gland is also at the greatest risk for damage.  There is also a 
tremendous risk permanent damage of the gland, though this is largely dependent on the 
dosage and duration of treatment (Napeñas et al., 2009). 
Candidiasis 
 Due to the decreased salivary flow rate and compositional changes of saliva 
observed in xerostomia, there is significantly increased risk for bacterial or fungal 
infections to occur (Napeñas et al., 2009).  One common clinical finding associated with 
xerostomia is a fungal infection from Candida.  This often is in combination with dry or 
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peeling lips and swollen salivary glands.  It has been detailed that histatins are the main 
agent present in saliva in control of antifungal activity, in addition to antimicrobial 
actions (Tsai et al., 1998).  Histatins bind to the cell membrane of the fungi and attack the 
mitochondria.  This in turn decreases activity throughout the cell cycle.  When histatins 
are not present in the oral cavity in sufficient amount to prevent infection, white spots and 
difficult swallowing may occur (Tsai et al., 1998).  This infection is termed oral 
Candidiasis or “Thrush.”  Effective treatments may include antifungal agents in forms 
such as antiseptics, pastes or topical spread applications (Napeñas et al., 2009).     
Dentures 
 Prosthodontists report that around 20 million total people in the United States 
wear dentures.  Of those, roughly 57 percent of the elderly (ages 65 to 74) wear dentures.  
Dentures impact xerostomia because the denture migrates away from the gum tissue 
leading to issues with denture retention. Gupta et al. detail the clinical observations of 
sores and discoloration at the denture-mucosal surfaces.  This is due to the friction from a 
lack of lubrication that results from decreased salivary flow (2006).  In combination with 
these issues denture-wearers may experience, the denture-mucosal surface is an ideal 
location for Candida infection, also exacerbated by the decreased antifungal activity 
during conditions of xerostomia.  Multiple clinical manifestations have been observed 
when there is a combination of dentures and Candida in xerostomic conditions.  Such 
oral health issues as erythmatous or red lesions and white plaque spots, termed Angular 
Pseudomembranous Thrush have been observed.  Fissures throughout the mouth due to 
membrane damage termed angular cheilitus are apparent in certain cases as well 
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(Gonsalves et al., 2008).  Chief dental officers throughout the world, particularly in 
underdeveloped countries, report a strong linkage between elderly demographics and 
various sores or markings throughout the oral cavity in denture-wearers (Peterson et al., 
2010).   
 Exceptionally thorough dental hygiene is critical when hyposalivation occurs in 
conjunction with wearing dentures.  Measures such as soaking the denture in benzoic acid 
or chlorohexidine solutions and applying friction along the denture surfaces by brushing 
to remove build-up is effective for improve hygiene as well.  Medications may also be 
taken that include anti-inflammatories and antifungals to inhibit cell growth (Gupta et al., 
2006).   
Xerostomia Prevention and Treatment  
 The treatment for xerostomia is very specific to the individual and environmental, 
genetic and/or behavioral variables.  A thorough diagnosis and examination of causal 
factors by the healthcare practitioner is essential along with a detailed medical history.  
While the practitioner examines the oral cavity, due to the increased risk that the elderly 
have for various health complications, xerostomia must be viewed as a systemic 
condition (Napeñas et al., 2009).  Table 2 presents a common series of questions used to 
diagnose xerostomia (Villa et al., 2015).  If the patient answers in the affirmative to any 
of the questions this indicates there is a low salivary flow rate.  The first set of question 
by Fox et al. is used to detect hyposalivation (Fox et al, 1987).  The following set of 
eleven questions by Thomson et al. use a number scale to determine severity of 
xerostomia (Thomson et al, 1999).  The questions posed by van der Putten et al. (van der 
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Putten et al, 2011) condensed those of Thomson et al. in an effort to more directly 
determine the severity of chronic xerostomia.  It is important to note here that it is the 
nature of a condition such as xerostomia to manifest itself in multiple ways and degrees 
of severity; each healthcare professional proceeds with questions based on previous 
clinical observations and their own conclusions.    Also taken into consideration 
throughout Table 2 are such details as taste sensation and perception of food texture.  
When hyposalivation is occurring, acidic or strongly spicy foods are often not well 
received by the patient.  Harder texture foods with more crunch are also not something 
the patient is likely to find pleasing (Villa et al., 2015).  The question set offered by 
Sreenby and Valdini (1988) focused on a broad question of particular importance, “does 
your mouth usually feel dry.”  This is important to note because the specificity here, the 
smallest measure that can be taken here to measure xerosotmia, was 93 percent with a 
positive predictive value for xerosomtia of 54 percent.  The final set of questions set forth 
by Pai et al. (2001) used a visual horizontal scale, which allowed patients to rate their 
hyposalivation on the basis of several items (Villa et al., 2015). 
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Table 2: Questionnaire to Diagnose Xerostomia   Table taken from Villa et al, 2015 
 
Oral observations are also critically important in the diagnosis of xerostomia.  
Osailan et al. (2011) details the “musical wetness” of various sites in the oral cavity to be 
noted in observation by a healthcare prevention when checking for xerostmia.  Such 
clinical observations include thickened and foamy saliva; deep fissures seen on the 
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tongue and a shiny or smoothened appearance on the gingiva is also associated with a 
reduced salivary flow.  Such techniques as placing an oral mirror onto the tongue and 
checking if there is “sticking” can also be useful in diagnosis.  Also, as we have noted 
previously, excess caries throughout the oral cavity are a major defining characteristic 
throughout xerostomic conditions (Osailan et al, 2011).  Salivary flow rates can also be 
measured in the clinic by chewing of various gums and waxes, or the placement of citric 
acid on the tongue.  The patient is then instructed to spit for roughly five minutes while 
saliva is collected.  These salivary collection methods can be categorized to isolate the 
parotid gland or submandibular gland (20 percent and 65 percent respectively, the major 
contributing glands to salivary secretions) and analyzing their respective salivary 
secretion rates. 
Measures such as augmentation of the diet to prevent further tooth decay and 
saliva substitutes may be used to ensure conditions do not worsen.  Due to the previously 
discussed antibacterial functions of saliva, if xerostomia presents, risk for oral candidiasis 
is also significantly increased.  If the elder person is taking medications that are 
associated with decreased salivary flow rate, alternate medications should also be sought 
out (Napeñas et al., 2009).   
While a thorough drug history is critical in the diagnosis of xerostomia, 
underlying systemic disorders should be taken into consideration as well.  One of 
particular importance is Sjogren’s (show-grins) syndrome.  This is a disorder of the 
immune system and more often than not, dry eyes and mouth are commonly closely 
associated, and thus, xerostomic conditions (Mayo Clinic, n.d.).  Along with Sjogren’s 
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syndrome, other systemic disorders should be noted as hypertension, asthma, and 
diabetes mellitus have been observed to have close associations with hyposalivation.  
Disorders of the blood and thyroid disease are also  noted. 
 
Thesis Aims  
 
 This paper aims to assess the causes, clinical presentation, and common 
therapeutic treatments associated with prevalent oral health conditions, including 
xerostomia, in the elderly community worldwide.  The majority of investigations into 
xerostomia in an individual begin with subjective complaint, thus it is up to the clinician 
to identify signs early in order to provide the most accurate diagnosis as possible.  This 
paper focuses primarily on the elderly population as roughly 30 percent of the elderly 
population is plagued with some form of hyposalivation, or experiences symptoms 
consistent with xerostomia (Gupta et al., 2006).  Dental caries and periodontal disease 
also see a spike in prevalence throughout the oral health community, and will be further 
addressed.   
 This study aims to evaluate treatment options currently used to treat the varying 
degrees of hyposalivation severity.  Since xerostomia can arise from a number of factors, 
this paper will cover common methods of prevention as well.  Several studies have cited 
drug use as the most common cause of xerostomia (Nepenas et al, 2009).  Aside from 
drug use, various underlying systemic conditions may be present that lead to 
hyposalivation, especially in the demographic of adults aged over 65 years as they are 
more prone to multiple health issues.   
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 While the medical field and healthcare professionals will often follow the most 
commonly accepted practices, this paper will show that prevention must demand the most 
attention as once hyposalivation occurs, it can so quickly become chronic and often 
debilitating if the proper attention is not given.  This is particularly important to note as 
the elderly population have problems with both access to care, and proper treatment 
worldwide, in both developed and developing countries.  While pharmaceutical 
treatments and prevention from increasing severity are examined throughout the various 
studies detailed throughout this paper, it is also the goal here to link best practices with 
practical measures for the elderly population.     
 Overall, this study aims to provide an assessment of the healthcare field literature 
surrounding hyposalivation including prevention and treatment options as well as other 
prevalent oral health issues in the elderly. 
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PUBLISHED STUDIES 
 
 Various studies have been performed linking the systemic, and more specifically 
to this paper, oral health care gaps and needs in the elderly to a number of factors (Griffin 
et al, 2012).  These include a range from access to care, physical limitations due to age, 
lack of healthcare insurance coverage, perceived need for oral healthcare, along with a 
myriad of other factors.  The following pages will detail strong studies supporting the fact 
that the elderly population worldwide, not only in low income areas, suffers from many 
oral health complications.  More specifically correlation of dental caries and periodontal 
disease will be assessed relative to xerostomia. 
 
Dental Caries, Tooth Decay 
Zubiene et al. in  2009  
 As previously discussed, the World Health Organization makes recommendations 
as to best practices for health care professionals in order to deliver the best possible care 
to various demographics.  A study by Zubiene et al. in 2009 examined 1,141 subjects 
from age ranges 45 to 72 and discussed the nature of tooth decay as a chronic infectious 
disease and as one of the leading causes of tooth loss throughout the world (Zubiene et al, 
2009).  It also discusses the implications that oral health has on systemic health, and 
therefore, the importance of preventative measures and new oral hygiene techniques in 
particular the importance of lifestyle changes in the elderly population.  The study cites 
articles from the WHO that explain the need for a change in perception of the elderly in 
order to get them to see oral health care as more of an urgent need.   
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 The WHO-designed questionnaire was used in order to record results and the 
study was carried out in the Hospital of Kaunas University of Medicine in Lithuania.  
Examination of the oral cavity was done using the Basic Methods on Oral Health Surveys 
set by the WHO.  Decay on each tooth surface was assessed to identify prevalence using 
the decayed, missing, and filled teeth (DMF-T) index.  Additionally, the presence of a 
dental prostheses was evaluated as well as if there was a need for a prostheses. While the 
examination had objective parts, it also recorded data on how the individual would assess 
their own oral condition.  This allowed for the study to determine the perceived need and 
importance for oral health care that the individual had. 
 The data show that the elderly had the greatest mean value of the DMF-T index, 
with the number being at 25.63+/-0.3 (Zubiene et al, 2009).  This is compared to the 45 to 
54 aged subjects at 21.01+/-0.3 and 55 to 64 year old subjects at 23.52+/-0.4 DMF-T 
(Figure 4). 
 
Figure 4: Mean values of Decayed, Missing and Filled Teeth categorized by age and 
gender in Kaunas city Study. Figure from Zubiene et al. in  2009. 
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Another revealing statistic regarding the actual access or utilization of health care 
by the elderly is that  the 45 to 54 age group had the largest number of filled teeth at 
10.41+/-0.3, while the elderly had the most numerous missing teeth 16.96+/-0.5.  This 
disparity reveals that it is the younger demographic taking advantage of the healthcare 
system in order to maintain their quality of oral health.  The elderly population is either 
unable or does not see the need to seek care, and thus, loses the teeth altogether (Zubiene 
et al, 2009).   
 In regards to prostheses, full removable dentures were found to be more numerous 
as age increased (14 percent of the entire elderly study population).  In addition to this 
however, the need for alterations or repairs in the dentures in each population was also 
found to be the greatest in the elderly. Furthermore, as personal hygiene is strongly 
connected with the condition of the denture, the study evaluated how often each group 
brushed their teeth.  The 45 to 54 aged subjects brushed twice daily (57.7%), while the 
elderly had only 50 percent of subjects brushing once daily.  Whether this is a perception 
issue as to how much the elderly saw oral health care as a vital health need or simply a 
lack of physical ability to brush their teeth is not completely clear.  The study also found 
that a lower DMF-T index was associated with more frequent teeth brushing, and thus, 
the younger population had a lower DMF-T index.  Also examined throughout the study 
was the “care” the individuals had for their oral health.  This was done by determining 
how often they visited the odontologist.  The elderly had nearly one-fifth of their group 
that did not remember the last time they visited the odontologist with 28.9 percent citing 
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economic reasons, and 8.9 percent citing fear of visiting the odontologist (Zubiene et al, 
2009).   
 Overall, the most telling statistic of the study by Zubiene et al. was that only 20 
percent of the elderly population recorded that their oral health condition was “poor” 
following self-evaluation of their oral health condition.  The study determined that with 
the DMF-T increasing so much with age, denture maintenance lacking, and oral self-
evaluation results revealing a severe lack of understanding as to the severity of oral health 
conditions, the elderly population must change their perception and attitude toward oral 
health care.  The findings of this study were also consistent with other results from very 
similar studies throughout Germany, Sweden, and Pomerania (Hugoson et al, 1995, Mack 
et al, 2004).  The findings here also closely resembled the results from a postal 
questionnaire distributed by the WHO to chief dental officers to 136 countries (Petersen 
et al, 2005). 
 
Periodontal Disease  
Levy et al. in 2003 
 Increasing population age will bring about the need for new and more efficient 
means of providing healthcare to the elderly, but also the need for increased utilization of 
existing protocols and treatments.  With the increased prevalence of various health issues, 
there should also be a proportionate response in terms of preventative health measures, 
something the worldwide community is currently lacking in regards to the elderly 
population and the issues they face.  Levy et al. reported in the Special Care In Dentistry 
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Association Journal results of examinations of 449 elderly adults from 1996 to 1998.  The 
cross-sectional study found a strong association between periodontal disease and tooth 
loss.  The American Association of Periodontology reports that while older elderly adults, 
aged 79 years of age or older, have a higher prevalence of severe periodontitis, the 
elderly in general have a relatively moderate prevalence of serve periodontitis but a very 
high rate of periodontitis in general.  This means periodontitis in all its forms at various 
stages across the entire spectrum. 
 Levy et al. took subjects from a study performed in Iowa which examined all 
individuals 65 years of age and older in two of Iowa’s rural counties.  The original Rural 
Health Study cohort had 3,673 participants, but for criteria of the current study, only 449 
qualified as participants.  The examination of study participants was conducted either in 
their homes or in the assisted living locations.   
 The actual examination included evaluation of each remaining tooth surface, soft 
tissue conditions throughout the oral cavity, and any evidence of caries including root 
caries.  Due to the demographic being the elderly, salivary flow rate and condition of 
dentures was also evaluated.  Periodontal probes, mouth mirrors, and explorers were used 
throughout the examinations.  Mean scores for various criteria were then calculated for 
analyses by t-tests, chi-square tests, and mixed models tests, and p<0.05 was determined 
to be statistically significant (Levy et al., 2003).  
 The criteria used for examining periodontal conditions were those based on the 
criteria from the National Institute of Dental and Craniofacial Research.  Four locations 
per tooth were used for examination purposes.  These included mid-lingual, mid-buccal, 
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distolingual, and mesiobuccal.  The loss of attachment of the periodontal ligament was 
determined to be the total amount of recession in millimeters in addition to the measured 
probe depth.   
 Overall, 28 percent of the participants who were dentate (had the required teeth 
for examination) were excluded from the study due to probing issues.  On average the 
dentate subjects had twenty-two intact teeth, thus attachment loss, recession of the 
gingiva, and probe depth were measured in 236 participants.   
 The results showed that the majority of elderly individuals had average probing 
depths of 1-1.99mm.  The average recession of gingiva was found to be around 0.99mm.  
Attachment loss in 38 percent of individuals was averaged to measure 1.99mm, with 44 
percent measuring from 2 to 2.99mm, and 17 percent at above 3mm in regards to 
attachment loss.  The distolingual location displayed with the greatest average probing 
depth, measuring 2 to 2.99mm.  The average recession of gingiva was most substantial at 
the buccal location, and then the lingual and distolingual locations respectively.  The 
distolingual also saw the greatest measured attachment loss.  However, the lingual, 
mesiobuccal, and buccal sites had measurements for attachment loss that were not very 
far off from the distolingual location measurements (Levy et al, 2003). 
 When the elderly study group was segmented into age ranges, there was no 
significant difference in mean probing depths, gingival recession, or attachment loss 
among the age groups.  The only major difference was when you enter the elderly age 
group itself these measured numbers began to drastically increase as a whole.  
Interestingly, the Levy et al. did find statistical significance (p<0.01) based on gender in 
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the elderly for attachment loss at the distolingual and mesiobuccal locations.  At the 
mesiobuccal location, females had an average attachment loss of  2.25mm +/-0.75 
standard deviations as opposed to 2.52 +/-0.98 standard deviations for men.  At the 
distolingual location, females had an average attachment loss of 2.60mm +/-0.83 standard 
deviations as oppose to 2.89 +/-1.03 standard deviations for men.  There was also 
statistical significance for probing depths differences found between genders.  
Measurements for females probing depths were 1.70mm with a standard deviation of +/-
0.42 and males measured 1.90mm +/-0.44. 
 Levy et al. also measured the periodontal averages for each tooth and surface.  For 
all tooth types, probing depth measurements and attachment site losses were larger at the 
distolingual locations.  Gingival recession saw a greater average measurement at the 
buccal locations (p<0.0001).  The molars had the greatest average probing depths at 
every location, along with recession of the gingiva.  The greatest average loss of 
attachment measurements were also observed on every location of the molar.  In addition 
of particular significance, the canines and incisors also had a significantly decreased 
attachment versus the attachment seen in the premolars.   
 Figure 5 displays the cumulative frequency distributions for probing depth, 
recession of gingiva, and loss of attachment.  In regards to probing depth, the plot shows 
that 100 percent of the individuals measured for 1mm or above for probing depth, and of 
the most prevalence was 64 percent with a probing depth of 4mm or greater.  In addition, 
it can be seen that distolingual locations had a larger depth measurement with the most 
frequency.  The mesiobuccal followed shortly after.  Recession of the gingiva was most 
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frequently observed at the mid-buccal and mid-lingual locations.  The percentage of 
subjects with a measurement of 3mm or above was observed to have the recession 
occurring at the mid-buccal location 51 percent of the time.  More severe recession of the 
gingiva was seen to occur more often, 11 percent of the time, at the mid-buccal location.  
In regards to loss of attachment, 92 percent of the individuals had an attachment loss of 
three or greater.  The sites at which the loss of attachment was observed to have occurred 
varied greatly. 
 
Figure 5:  Elderly Probing Depth, Attachment Loss and Gingival Recession.  Total 
mean probing depths, recessions of gingiva, and loss of attachment per individual with 
cumulative frequency distributions are used.  Figure from Levy et al., 2003. 
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 Based on the detailed results, average measurements of probing depth, recession 
of gingiva, and sites of loss of attachment of the periodontal ligament can be seen as 
prevalent in overall frequency of occurrence.  However, the number of severe cases was 
very modest.  The results throughout the study were slightly higher than results recorded 
in 1999 by NHANES (Eke et al, 2012).  These results found that the 89 percent of the 
elderly had loss of attachment greater than 3mm.  The findings in this study were 
generally similar to others conducted.  A study by Gilbert et al. on older Floridians found 
that 29 percent of the elderly in Florida had a loss of attachment greater than 7mm 
(1992). 
 It has been suggested that previous to this study being conducted, periodontal 
issues were not as accurately determined.  This is because much of the examinations 
throughout various studies had only observed an average of two sites per tooth, as 
opposed to the more thorough study design here which accounted for four sites per tooth.  
Another important note about this study is that it required dentate subjects in order to 
evaluate the present periodontal complications currently at hand.  Therefore individuals 
who had lost teeth due to periodontal complications were not accounted for, as this is the 
most severe form of periodontal complication.  It is for this reason that this study most 
likely is conservative in the prevalence of periodontal disease, and the need for treatments 
throughout the elderly is actually more prominent then that data suggests. 
 Overall, the prevalence of periodontal disease in the elderly is widespread, with 
severe complications resulting in a minor portion of the demographic.  This leads us to 
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the conclusion that there will continue to be a rise in need for periodontal therapy in 
conjunction with the growing elderly population.  Due to the fact that severe periodontal 
complications are not often observed, but moderate complications are widespread, 
general dentists may be able to handle many of the necessary treatments so long as they 
are able to detect, are aware, and are equipped to provide the necessary periodontal care 
to the elderly. 
 
Xerostomia, Changes In Salivary Composition with Age  
Nassar et al. in 2014 
 A myriad of changes occur throughout the body with age.  These changes occur 
notably throughout the oral cavity and are now being proven to have major systemic 
implications. Tooth appearance due to changes in dentin thickness, oral muscosa 
alterations, sensitivity in the oral cavity, and the amount of blood supply the oral cavity 
receives are among these changes (Gonsalves et al, 2008).  An observational study 
conducted and published in the Journal of Dental Sciences has examined the changes that 
occur in saliva due to increased age (Nassar et al, 2014).  It stresses the importance of 
saliva in homeostasis, and when altered with age, can leave the host open to a number of 
diseases and health complications, both oral and systemic.  Nassar et al. proceed to 
explain the various theories that have been linked to aging, notably the oxidative stress 
theory.  Essentially, this is the redox buffer glutathione in mammals having both an active 
form, reduced glutathione, and an oxidized one, oxidized glutathione.  Reduced 
glutathione is a necessary component for the antioxidation and detoxification throughout 
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the body (Nassar et al, 2014).  In addition to the glutathione relationship with overall 
health, calcium levels were marked as lower in elderly individuals on average than 
healthy younger individuals (Barbagallo et al, 1999).  The level of alpha-amylase, an 
enzyme found in high levels throughout saliva that controls oral bacteria levels, was also 
measured.  The study primarily aimed to mark changes in these specified salivary 
biomarkers, and collects data regarding a few others as well. 
 Tokyo Dental University was the source for a total of 40 patients for this 
particular study.  The respective ethics committee of the university approved the study 
(Nassar et al., 2014).  Of these, twenty were 20 to 30 years old and the other twenty were 
60 to 80 years old.  Saliva collection took place by means of a saliva collection tube and 
normal drooling.  This was taken for a period of five minutes, and a DMF-T index was 
also recorded for each subject.  It is important to note that before any saliva collection, 
patients rinsed their mouth out with water for approximately three minutes. 
 Measurements such as the amount of saliva, salivary flow rate, and pH/buffering 
capacity of the saliva were taken.  Buffering capacity was measured with a hand-held 
device and immediately following this, centrifugation occurred.  In addition to previously 
mentioned biomarkers, matrix metalloproteinase-8, collagenase type-I, and tissue 
inhibitor of metalloproteinase were measured.  The t test and Pearson coefficient were 
used to used for comparison of the 20 to 30 versus the 60 to 80 year-old age groups 
(Nassar et al, 2014).   
 Table 3 displays the average measurements of the salivary markers studied with 
respect to age group (Nassar et al., 2014).  Firstly, salivary flow rate was indeed found to 
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be statistically lower in the elderly.  In addition, calcium levels also showed a negative 
correlation in comparison to age.  Salivary pH and buffering capacity did show a negative 
correlation in association with age, but it was not proven to be statistically significant.   
 
Table 3: Average Measurements of Various Salivary Markers in Both Young Versus 
Elderly Age Groups. Table taken from Nassar et al, 2014.   
 
 
 
Interestingly, the ratio of reduced to oxidized glutathione was elevated in the 20 to 
30 year old age group, but it did not display statistical significance in relation to the 60 to 
80 year old age group.  The levels of collagenase type-I also showed decreased levels 
with age, along with anticipated levels of the bacteria controlling alpha-amylase.   
 The percentage of elderly throughout the population is only increasing worldwide 
with each passing year, and specifically to this study, is expected to increase to almost 38 
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percent by 2050 in Japan as reported by the Statistics Bureau (Ministry of Internal Affairs 
and Communications, Statistics Bureau, 2012).  The study stresses the importance of 
healthcare professionals being aware of the changing health-related conditions 
throughout the elderly community.  With rates of secretion and some of the measured 
salivary markers showing statistical difference between the younger and older age 
groups, these are factors that will contribute to systemic health.   
 The findings that salivary flow rates do decrease with age are indeed supported by 
other studies published in the Journal of Dental Research.  With this salivary flow rate 
being depressed with increases in age, it is greatly attributed to the atrophy of the salivary 
glands, particularly the submandibular gland.  It is the decreased activity of this major 
contributory gland that is responsible for deceased overall salivary flow (Nassar et al, 
2014).  Past studies had also shown that buffering capacity and pH do change with age, 
but do not show statistical significance.  Another interesting point to note is that calcium 
levels show a decrease in levels in comparison with increases in age, but studies such as 
Chauncey et al in the Journal of Physiological Sciences have shown results that there is 
actually an increase in calcium levels which is observed with an increase in age (1981). 
The theory behind this is that increases salivary calcium levels are associated with a 
decrease in bone density, a common occurrence with increasing age.  Alpha-amylase 
failed to display statistical significance here.  This may be explained by the fact that the 
parotid gland is the major contributor of alpha-amylase, and thus, alpha-amylase is used 
to test parotid salivary secretion levels.  Therefore, as it is primarily the failing 
submandibular gland that causes decreases salivary flow rate, it would make sense that 
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alpha-amylase levels are maintained with a near properly functioning parotid gland 
(Fischer and Ship, 1999).  The decreased alpha-amylase levels mean more bacteria being 
able to colonize, and thus, more demineralization and tooth decay or loss. 
Though the study provided useful data on important salivary biomarkers, results 
on markers such as glutathione may not have been entirely accurate or representative of 
the actual trends that exist due to the smaller sample size of the study.  It is demonstrated 
in Grant et al. (2010) that in conditions of periodontitis, there is depressed reduced 
glutathione observed due to the greater oxidative stress.   
These results provide further linkage to the very prevalent condition of 
xerostomia in the rapidly growing elderly population.     
 
Drug Induced Xerostomia    
Shetty et al, 2012 
 As previously detailed, with the rise of the world’s elderly population follows 
massive number of health considerations, and even more which are unpredictable.  
Within the Indian population, it is projected that there will be roughly 177 million elderly 
citizens by 2025.  This number comprises about 14 percent of their expected total 
population in 2025 (Shetty et al., 2012).  This is due to a number of factors, most 
prominently improved health care and a more complete understanding and 
implementation of nutritional values.  However, due to the nature of aging on the human 
body, a great deal of their current elderly population is using medication for chronic 
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conditions.  This closely parallels the United States and much of the elderly demographic 
worldwide.   
 There have been multiple studies examining the effects various drugs have on 
reduced salivary flow (Navazesh et al., 1996).  Therefore, with leading health conditions 
in elderly Indians being diabetes, hypertension, and arthritis, a cross-sectional study has 
been carried out to determine the effect of multiple drugs as it relates to inducing 
xerostomia.  The study, Shetty et al., published in the Journal of Contemporary Dentistry 
in 2012, examined a subject’s salivary flow when taking a single drug, along with taking 
multiple medications for chronic illnesses (Table 4). This cross-sectional study involved 
60 patients over the age of 60 who regularly received care at the Department of Oral 
Medicine and Radiology in Nitte University, Mangalore.  Three groups were formed 
among the 60 individuals.  Group A consisted of 20 subjects without any systemic 
conditions or medications.  Group B consisted of 20 subjects taking one drug associated 
with causation of xerostmia and Group C had 20 subjects taking multiple drugs 
associated with xerostomia.  A xerostomia questionnaire was also administered to each 
individual (Shetty et al., 2012). 
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Table 4: Drugs Which Induce Xerostomia.  Table from Shetty et al., 2012  
 
 
 
Saliva was collected from subjects who did not consume any oral substances 
besides water for two hours prior to sample collection.  The spit method was used to 
collect the unstimulated saliva.  The data was collected and analyzed using the Statistical 
Package for Social Sciences.  
 Group B included the following “percent-drug category groupings,” 55-
hypoglycemic, 25-cardiovascular drugs, 10-antidepressants, 10-other drugs accepted 
within the study criteria.  Group C included the following “percent-drug category 
groupings,” 50-oral hypoglycemic + cardiovascular drugs, 20-cardiovascular drugs + 
antidepressants, 15-oral hypoglycemics + antidepressants, 15- other drug combinations.  
The unstimulated salivary flow rate varied with great statistical significance between the 
groups.  The following mean values of unstimulted salivary flow rate are in units of “ml/5 
min”, Group A - 1.58 +/-0.2 (P = 0.001), Group B – 0.70 +/-0.34, and Group C – 0.27 +/-
0.21 (Shetty et al., 2012). 
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 As can be blatantly deduced from the data, an increase in xerostomia inducing 
drugs means a decrease in salivary flow rate.  Xerostomia has currently been associated 
both directly and indirectly with over 500 drugs (Shetty et al., 2012).  Both Groups B and 
C also reported answers consistent with xerostomia during their questionnaires.  These 
included items such as oral dryness, loss of oral sensation, and trouble swallowing among 
others.  
 Due to these proven effects that various drugs have in regards to inducing 
hyposalivation, measures should be taken as recommended throughout the study by 
Shetty et al. to reduce this risk in the elderly community.  These methods include 
changing the habits of taking certain drugs, trying different drugs that have less xerogenic 
effects, or making a strong effort to eliminate any dependence or need for a particular 
xerostomia inducing drug.  
 
Oral Health of the Elderly Around The Globe  
Petersen at al. in 2010 
 The decline in fertility and incline in life expectancy has greatly contributed to the 
rapidly aging of the worldwide populations (Petersen at al., 2010).  This means that 
health services around the world will have to make the necessary adjustments to 
accommodate the elderly population, in addition to the increased prevalence of various 
health issues.  A study was conducted by the WHO in 2007 and detailed by Petersen et al, 
2010 regarding the needs for public health action in regards to oral health in the elderly 
community worldwide (Who, 2007; Petersen et al., 2010). 
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 The WHO formed a questionnaire regarding the following: current oral health 
condition of the elderly, behavior in oral health, usage of oral health services, oral health 
care workforce for the elderly, the type of oral health care that is being provided, the 
training that is done to administer oral health care to the elderly, and possible issues 
delivering oral health care to this particular demographic.  These were given to Chief 
Dental Officers or contacts at central public health service departments (Petersen at al., 
2010).   
 The six WHO regions included were African Region, Americas, Eastern 
Mediterranean Region, European Region, South-East Asia Region, and the Western 
Pacific Region.  The report ultimately includes responses from 136 out of 193 WHO 
countries.  The data was entered into a project data base and analyzed, and certain data 
underwent qualitative data analysis.  The DMF-T index and the Community Periodontal 
Index measures periodontal status in the elderly were used. 
 Results regarding dental caries are shown in Figure 5.  It was observed that dental 
caries are still a major issue in African, Eastern Mediterranean, and European populations 
65 years and older.  Interestingly, the ‘missing’ component is very high in regions where 
the DMF-T is high, and the ‘filled’ category is very low.  This suggests that extraction 
rather than treating teeth is most common (Petersen at al., 2010). 
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Figure 5:  Average DMF-T index of the elderly in WHO regions.  The average DMF-T 
index of those 65 years of age or older in WHO regions Abbreviations include:  AFRO-
African; AMRO - Americas EMRO - Eastern Mediterranean ; EURO – European; 
SEARO - South-East Asia; WPRO - South-East Asia, regions(WHO, 2007) 
 
 
 
 
 Periodontal disease prevalence rates were also measured.  With a scoring system 
from 0 to 4, best to worst periodontal health condition, most countries fell in the 2 to 3 
range.  This indicates overall poor oral health and hygiene. On average, 5 to 20% of the 
elderly in each country had a score of 4, which is very poor and means there were deep 
gingival pockets and infection (Petersen et al., 2010).  
 In regards to whether or not the health care systems were meeting the needs of the 
elderly populations, the responses from the questionnaire showed that the populations in 
Europe scored higher on the question than those in the African or South East Asia 
Region.  This links closely to the fact that higher economic status means better oral health 
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care and resulting conditions.  In addition, this shows that people of higher average 
income counties more often receive proper care for their oral health issues than those in 
lower average income countries (Petersen et al., 2010).   
 Within the elderly population, there are great variations within countries as to the 
methods and means by which they choose to maintain their oral hygiene.  This may be 
due to tradition or a knowledge gap in segments of the demographic.  A major finding is 
that certain segments were not using toothpaste often, especially in lower income 
countries such as Africa. 
 The responses to question concerning the possible “barriers” to various oral health 
programs underwent qualitative data analysis.  Chief Dental Officers related the possible 
barriers to four main areas.  These include national health policies, economic standards 
and available resources, prevalent illnesses and diseases, perception issues regarding 
tradition.  Throughout developed countries, the economic conditions permitted active 
involvement in improving condition, but prevention is still severely lacking.  It was also 
noted that the disadvantaged population, including the elderly, were not being given 
sufficient attention or resources in regards to their oral health issues.  Other frequently 
mentioned possible measures that could be taken mentioned throughout the questionnaire 
responses by Chief Dental Officers included more readily available information on health 
status and behavior of the elderly population in order to allow more efficient oral health 
programs to be formed.  Other points made were viewing oral health and the systemic 
implications more and promoting general health, more trained oral health care 
professionals, and more collaboration between oral health care professionals and medical 
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professionals.  Transportation is a very big concern as well, as many of the elderly are 
incapable or unwilling to travel themselves for a variety of physical and mental reasons.  
 Overall, the study indicates that there is a wide range of oral health conditions 
both across countries and within certain segments of the elderly demographic in various 
countries.  It also emphasizes that there is stronger and more effective oral health 
programs to better educate and prevent issues in the elderly (Petersen et al., 2010).   
 
 
  
 44 
DISCUSSION 
 
 The elderly population experiences an increased risk and prevalence for a variety 
of health complications.  These are due to both physical and mental issues that create 
barriers in regards to both their oral and overall health care thus has major implications 
for health care professionals around the globe.  The procedures they perform, guidance 
they choose to offer their patients, preventative measures they endorse, and the amount of 
continuing training they themselves choose to have is critical to the success of achieving 
better and stable health care in the elderly.  The burden of responsibility is also heavily 
placed on public healthcare systems worldwide.  The development of effective programs 
that address the elderly in means of efficient education, prevention, and effective 
treatments are critical in order to improve overall oral health.  
 
Conclusions Based On Evidence From Published Studies  
 Zubiene et al, 2009 used the WHO-designed questionnaire to record results from 
elderly individuals.  The findings regarding DMF-T index, need for prosthetic dentures, 
and frequency of brushing all were deemed to be unsatisfactory is a concerning result.  
These are staples of the good health conditions and are therefore, major red flags.  In 
addition, the elderly were often unable to assess their own oral health conditions 
effectively, as only 20 percent regarded their present oral health condition as poor.  This 
clearly contradicts the findings of the study and has multiple implications.  Either the 
elderly are not being effectively educated as to proper oral health care as a whole, or due 
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to inability (financial constraints) or unwillingness, they are not utilizing the current 
health care system. 
 With the prevalence of periodontal disease remaining high today, more effective 
measures must be taken to limit negative impact on the elderly community.  With roughly 
18 percent of the elderly having some form of periodontal disease, and around 11 percent 
being classified as moderate to severe, measures to lessen these numbers should be taken 
(NIH, 2014).  The cross-sectional study of Levy et al was a very sound study as it 
examined a larger number of participants, 3,673, and examined multiple aspects 
regarding periodontal conditions throughout the oral cavity.  The study examined the 
average probing depth measurement, recession of gingiva, and loss of attachment of the 
periodontal ligament.  The data did provide evidence that there are specific areas for 
concern regarding the study criteria.  Though it did not conclude that a widespread 
problem of severe periodontal issues were prevalent throughout the community, 
interestingly, it concluded that minor to moderate periodontal issues existed in a large 
portion of the elderly population.  
 The study by Nassar et al. (2008, 2013) offered reliable results in regards to the 
salivary changes that occur in conjunction with xerostomia.  The study reported that 
elderly are likely going to see some degree of decrease in salivary flow rate with age and 
effective measures must be taken.  This means prevention, through effective educational 
programs to educate the elderly as to how to maintain good oral health when decreased 
salivary flow is expected and items such as nutritional and oral hygiene.  It also means 
the further education of health care professionals so that they are aware of these 
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physiological changes in the elderly community, and can provide the necessary 
treatments to address these complications.  These results are manifest throughout many 
other studies as the decreased salivary flow will ultimately result in an increased DMF-T 
index.  Shetty et al (continued to examine xerostomia, specifically as it related to 
prescription drugs, which is extremely prevalent in the elderly community worldwide due 
to increased chronic health conditions.  It was apparent that the chronic use of 
prescription drugs contributes to the varying degrees of hyposalivation.  Alternate options 
for these drugs should be considered by both the patient and the health care practitioner, 
including safely evaluating different strategies with the same drug if there are no other 
options that align with best practices.  
 Peterson at al. also brought to light a large number of growing health concerns as 
it relates to the elderly community.  The study was one of the most impressive as it 
reviewed a large number of the WHO countries, and data was received directly from 
chief dental officers.  The issues and feedback from various countries regarding both 
access to care and the preventative measures that are being taken should be used as a 
guiding factor when developing new health programs.  
 In regards to the studies themselves and the possible limitations that were 
observed, these studies will fuel the advances that occur throughout the improvement of 
care to the elderly.  It was clear that due to the multitude of health factors and 
complications that occur within the elderly population worldwide, it is rather difficult to 
obtain an appropriate number of subjects for a study that is trying to evaluate a single 
component, such as prescription drug use and xerostomia, though Shetty et al (2012)had 
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a very comprehensive study design.  In addition, the access that the elderly have to the 
rest of the community is often limited.  Tradition and perception issues within the elderly 
community are yet another hurdle, as observed in the study conducted by Zubiene et al. 
(2009). 
 
Future Directions 
 With the certainty that the elderly population will continue to rise and reach 
numbers never seen before worldwide, the demand for new and more effective public 
health programs is a must.  Such obstacles as the number of dentists per population in 
places like the United States have to be effectively overcome as to provide the level of 
care to the elderly not only to treat existing disease or illness, but to also provide the 
necessary guidance throughout preventative measures (Griffin et al, 2012).  It is the 
preventative measures that will truly eliminate the largest amount of oral health 
complications within the elderly community.   
 The quality of life among the elderly can only be brought to a new standard if the 
chronic conditions that plague them are fully understood and then addressed.  This 
systematic collection of data is a necessary component to create and execute an effective 
oral health program.  This can be clearly seen in the measures that The Association of 
State and Territorial Dental Directors have taken in the United States to allow non-
dentists to collect and ultimately provide key data on the oral health condition and needs 
of the elderly community (Griffin et al, 2012).  
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 The challenge is multifaceted.  It requires effective healthcare systems be put in 
place to ensure adequate care is provided to the elderly at the present time.  However, the 
challenge also entails ensuring that we accurately for-see and anticipate the future and 
even more rapid growth of the elderly population.  It is here that any healthcare systems 
we choose to put in place will be tested as to whether or not and how effectively they are 
able to scale and provide the same quality of care as they were originally intended.  This 
is the task of our healthcare professionals worldwide, and luckily, we are well equipped 
to provide solid healthcare options to the growing elderly population worldwide.  
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